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Summary
Objective: Knee instability and joint loading transmission are two important biomechanical factors in subjects with knee osteoarthritis (OA).
However, the relationship between these factors in a rehabilitation treatment remains unclear. The purpose of this study is to determine
the responsiveness of a new three-dimensional (3D) acceleration method used as an estimation of knee instability and joint loading transmis-
sion during gait in OA subjects after a rehabilitation treatment.
Method: Twenty-four subjects with medial knee OA were included in this study. They had clinical and gait evaluations before and after 12
weeks of treatment. 3D linear knee accelerations, quadriceps and hamstring isometric strength and Western Ontario McMaster Universities
Osteoarthritis Index (WOMAC) pain were quantiﬁed, and compared between both evaluations. Nine asymptomatic subjects participated in this
study for gait comparison.
Results: A signiﬁcant reduction of the anterior posterior (AP) knee acceleration peak (P¼ 0.02) had been detected after the treatment. No
difference for both distal and lateral knee accelerations peak was found. A signiﬁcant increase in quadriceps (P< 0.001) and hamstring
(P¼ 0.006) strength was seen after treatment. The WOMAC of pain had shown signiﬁcant reduction after the treatment (P< 0.001).
Conclusion: The present study demonstrates that the estimation of knee acceleration parameters is sensitive to changes in knee OA gait after
a rehabilitation treatment. This study also indicates that a treatment of 3 months which combines therapeutic and exercises program could
have beneﬁts on knee OA by increasing AP knee stability and stabilize joint loading transmission during gait.
ª 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Osteoarthritis (OA) of the knee is a prevalent musculoskel-
etal disorder in the life of older adults1. Symptomatic knee
OA occurs approximately in 6% of the population older
than 30 years old and it increases between 10% and 15%
over 60 years old2. The high prevalence of knee OA has
led to the development of a large number of nonoperative
treatments (i.e., pharmacologic and exercises) which aim
at reducing disability and pain symptoms. A growing body
of evidence demonstrates that strengthening exercises
were able to achieve both, decreasing knee pain and dis-
ability associated with OA pathology3e6. However, the
effect of strengthening exercises on joint instability7,8 and*Address correspondence and reprint requests to: Dr Katia
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213loading transmission deﬁciency9 which are two important
factors in OA subjects remain unclear in a dynamic gait
evaluation context.
The knee instability is usually assessed in a subjective
manner10 whereas joint laxity is measured in unload and/
or static conditions17. However, under loading conditions,
knee instability is more complex and the joint laxity obtained
from static measurements does not reﬂect what happen
during walking gait. In fact during gait, instability typically
occurs during the weight acceptance phase of gait cycle,
when knee ﬂexion occurs. This instability is usually attrib-
uted to quadriceps weakness10. Knee instability represents
a sensation of buckling or giving way10 and it can also be
perceived as an abnormal or sudden movement of the tibia
with respect to the femur11. Only few studies have investi-
gated knee instability during gait using knee kinematics12
and uniaxial accelerometer13e15. First, they were all limited
to medial lateral (ML) axis12e15. Secondly, the authors
found no relationship between varusevalgus motion during
gait and knee instability and concluded that knee
214 K. Turcot et al.: Acceleration responsiveness in knee OA follow-upvarusevalgus motion could not be used as an index of knee
stability during gait12. However, varusevalgus motion and
linear acceleration are two different parameters, and the
latter has been used in past to investigate frontal knee
instability (i.e., ML accelerations) during gait in subjects
with knee OA and anterior cruciate ligament (ACL) deﬁcien-
cy13e15. In this case higher ML tibial accelerations were
found in OA and ACL deﬁciency subjects when compared
to control subjects, and the former were associated with
higher frontal instability13e15. The anterior posterior (AP)
accelerations have been quantiﬁed in normal subjects dur-
ing gait16 but have never been explored in OA subjects,
though AP knee instability is present in knee OA8,17. The
proximal distal (PD) accelerations along longitudinal seg-
ment have also been investigated and associated with the
loading transmission between adjacent body segments
(e.g., femur and tibia)18,19. Lower attenuation between PD
femoral and tibial acceleration was associated with higher
loading transmission in subjects with degenerative joint
diseases18,19.
Based on the above studies, it is difﬁcult to draw a conclu-
sion between the simultaneous effect of knee instability in
frontal and sagittal planes as well as the loading transmis-
sion, since no study has explored three-dimensional (3D)
accelerations in OA subjects during gait. We recently devel-
oped20 and validated21 a 3D accelerometric method for the
evaluation of knee OA gait. The latter method has been
able to discriminate OA from normal knees during the load-
ing phase of gait. However, the responsiveness of our ear-
lier method during a rehabilitation exercise program was not
yet determined.
Therefore, the purpose of this study is to investigate
whether 3D knee accelerations are responsive to gait
change in terms of knee instability (ML and AP accelera-
tions) and loading transmission (PD accelerations) in sub-
jects with knee OA following a rehabilitation treatment.MethodsSUBJECTSIn this study, 24 subjects (six men and 18 women) with knee pain and
radiographic evidence of medial tibiofemoral OA were included. The average
and standard deviation (SD) of age, weight, body mass index (BMI), and
height were 64.2 (7.7) years, 78.7 (18.3) kg, 30.3 (4.7) kg/m2, and 1.60
(0.1) m, respectively. Knee OA was diagnosed according to the clinical
and radiographic criteria deﬁned by Altman et al.22 Subjects were classiﬁed
in terms of OA disease severity using the conventional radiographic grading
system developed for knee OA by Kellgren and Lawrence (KL)23,24. They
had weight-bearing anteroposterior radiographs of the knees in full exten-
sion, which had been read by the same radiologist. Of 24 OA subjects, 22
had a predominant medial tibiofemoral knee OA, whereas two had an equal
grade in both lateral and medial compartments. OA subjects had a mean
knee functional varus angle of 3.8 (4.9) which was deﬁned using the deﬁni-
tion of the lower body coordinate systems proposed by Hagemeister et al.25
This study excluded subjects having disorders, such as vestibular, neurolog-
ical, or musculoskeletal disorders, fracture of the lower extremity, rheumatoid
arthritis, or generalized OA, limp or any conditions that could affect their
capacity to walk on a treadmill, or on their rehabilitation. Nine asymptomatic
subjects participated as a gait comparison group. The average age, weight,
BMI, and height were 66 (7.3) years, 65.2 (15.0) kg, 24.0 (4.0) kg/m2, and
1.64 (0.1) m, respectively. The asymptomatic subjects were evaluated by
a physician and were excluded if they had orthopedic (joint fracture, joint lax-
ity, OA, and arthritis) or neurological problems that could affect their gait pat-
tern. The study protocol was approved by institutional ethics committees and
both OA and asymptomatic subjects provided written informed consent be-
fore the beginning of the study.REHABILITATION TREATMENTSSubjects with OA participated in rehabilitation treatment, supervised by an
experienced physiotherapist, twice weekly for 12 weeks. This treatmentaimed at reducing knee pain and improving the subject’s functional status
in activities of daily living. Every treatment lasted about an hour and included
muscle strengthening, manual therapy and proprioceptive exercises, which
were based on the recommendations of O’Grady et al.26 A global description
of the treatment is outlined as follows:
- Aerobic exercises (10e15 min) combining treadmill walking and station-
ary cycling.
- Manual therapy, including patella mobilization, stretching, and
massage.
- Physiotherapy modalities, including therapeutic ultrasound (if needed).
- Strengthening exercises including isometric quadriceps contraction and
half squat.
- Balance and proprioceptive exercises, including progressive tasks on
a proprioceptive board and stabilization exercises on ball.
- Therapeutic modalities if needed (i.e., ice, knee tape).GENERAL TESTING PROCEDUREAll OA subjects had a clinical testing and two gait evaluations just before
rehabilitation treatment. Both gait evaluations were separated by 6e8 days
and were conducted to ensure that no signiﬁcant difference existed between
sessions. A maximum of 2 weeks after the treatment, OA subjects had
another similar clinical testing and gait evaluation. The comparison group
attended two gait evaluations separated by 6e8 days.CLINICAL TESTINGThe Western Ontario McMaster Universities Osteoarthritis Index
(WOMAC) was used to assess the 3D of pain, joint stiffness, and disability
before and after the treatment. The 3.1 French version of the WOMAC, using
the 100-mm visual analog scale format was used. In the present study, the
authors focused on the dimension of pain, which includes ﬁve questions re-
garding the level of knee pain during the last 48 h for (1) walking, (2) go up or
down stairs, (3) standing, (4) the night in bed, and (5) sitting or lying.
The maximal isometric strength of quadriceps and hamstring muscles of
OA subjects was assessed by the physiotherapist using a manual dynamom-
eter (Lafayette Electronic Manual Muscle Tester, Lafayette Instrument,
Lafayette, USA) and the belt-resisted method27. The subject was seated
with the hips and knees ﬂexed to 90. Velcro straps were used to secure
the thigh. The subject was instructed to perform a maximal isometric muscle
contraction. Three consecutive trials were performed for each subject for
each muscle group (i.e., quadriceps or hamstring). The maximal isometric
strength kept for further analysis was obtained from the mean of the three tri-
als. The mean strength measured in Newton (N) was normalized in N/kg with
respect to the subject’s weight. The ratio between quadriceps and hamstring
muscles was then calculated.GAIT EVALUATIONAll subjects (OA and control) underwent gait analysis with the aim of
estimating 3D tibial and femoral linear accelerations close to joint contact
surfaces (i.e., tibial plateaus and knee joint center [KJC]). Subjects were
instructed to walk on an instrumented treadmill (ADAL, Med. Development,
France) at the same self-selected comfortable speed for each evaluation.
A trial of 25 s was collected after a steady-state gait was reached. Tibial
and femoral accelerations were collected using two triaxial accelerometers
(5 g) (Physilog, BioAGM, CH), which were ﬁxed on rigid bodies20, via an
exoskeleton25. Reﬂective markers were used to enable the deﬁnition of lower
body coordinate systems25. Four reﬂective markers were ﬁxed on femoral
and tibial rigid bodies. Additional markers were ﬁxed on lateral and medial
malleoli, and on the sacrum. Their positions were tracked using a six-camera
optoelectronic system (VICON 460, Oxford Metrics). The data was collected
simultaneously at a sampling frequency of 120 Hz.
The deﬁnition of tibial and femoral coordinate systems was based on the
functional and postural approach (FP method) proposed by Hagemeister
et al.25. Using the FP method, at zero-knee ﬂexion, femur, and tibia coordi-
nate system origins are both located at the KJC which is close to the
trans-epicondylar line25. Owing to the above mentioned reason, and as ear-
lier deﬁned in Ref. 20, the authors translated distally the tibial coordinate sys-
tem with the aim of estimating tibial accelerations close to the tibial plateaus.
For subjects with knee OA, the distal translation was calculated by the use of
knee radiographs. First, two parallel lines were drawn: one passing through
the tibial plateaus and another passing through the midpoint of the medial
condyle. Then, the distance between both parallel lines, at the point passing
through intercondylar eminence of the tibia and intercondylar fossa of the fe-
mur, was identiﬁed as the distance d and used to translate the tibia coordi-
nate system axes along its longitudinal axis. The average distance
between KJC and tibial plateaus for the OA group was about
30.1 6.6 mm. For ethic considerations, no radiography has been taken
215Osteoarthritis and Cartilage Vol. 17, No. 2for the asymptomatic group. Therefore, the average distance calculated for
the OA group has been used (i.e., 30 mm).
Linear accelerations measured at rigid bodies ( a
!
e) during the data collec-
tion were expressed in tibial and femoral coordinate systems by means of FP
method25, and subsequently, estimated close to joint contact surfaces ( a
!
i )
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(Fig. 1). Later, tibial and femoral accelerations have been used to calculate
3D relative accelerations of femur with respect to tibia segment both oriented
in the tibial coordinate system. The relative accelerations in ML and AP direc-
tions represent an estimation of the instability of the knee joint in ML and AP
directions whereas relative accelerations in PD direction represent an esti-
mation of the loading transmission between tibial and femoral segments.
Positive accelerations were directed in medial, anterior, and distal directions,
respectively. Negative accelerations were directed in lateral, posterior, and
proximal directions, respectively. The reliability of this method has been pre-
viously assessed and has shown excellent intra class correlation coefﬁcients
(ICCs) during gait in OA subjects21.
The mean ML, AP, and PD accelerometric patterns were calculated along
15 gait cycles. The gait cycles were normalized (0e100%) between two suc-
cessive heel contacts, which correspond to instants when the magnitude of
vertical ground reaction forces exceeded 2% of the participant’s body weight.
Maximal (max), minimal (min), and range (range) values detected during the
loading phase period have been extracted for statistical analysis, for a total of
nine acceleration parameters.STATISTICAL ANALYSISStatistical analysis was performed using STATISTICA 6.0 (StatSoft Inc.,
USA). Unpaired t-tests were used to determine if the asymptomatic group
was statistically different from the OA group in terms of age, weight, BMI,
and height as well as gait velocity.
Paired t-tests were used to conﬁrm that no signiﬁcant difference existed
between gait evaluations one and two of the OA group. As no signiﬁcant dif-
ference was detected, the ﬁrst evaluation was selected to be compared with
the asymptomatic group, as well as with the OA post-treatment evaluation.
Independent t-tests were used to compare OA and asymptomatic groups
on the nine accelerometric parameters, which have been listed earlier. The
level of signiﬁcance was set to P< 0.05.
Internal responsiveness indexes (paired t-tests, effect size [ES] and stan-
dardized response mean [SRM]) have been used to characterize the ability
of 3D relative accelerations as well as the WOMAC 3.1 Index of pain and
muscle strength to change in OA subjects after the rehabilitation treatment.
The level of signiﬁcance for paired t-tests was set to P< 0.05, whereas
the value of ES or SRM was interpreted as trivial (<0.20), small
(0.2< 0.5), moderate (0.5< 0.8), or large (0.8)28.
Subsets of subjects with knee OA were also explored to analyze the inﬂu-
ence of OA severity on the treatment. Two subsets have been investigated:
early to mild OA (KL 1 and 2) and moderate to severe OA (KL 3 and 4).ResultsOA VS ASYMPTOMATICNo signiﬁcant difference was found between groups in
terms of age (P¼ 0.54), weight (P¼ 0.06), height
(P¼ 0.37) and gait velocity (P¼ 0.98). However, a signiﬁ-
cant difference was found between groups for the BMI
(P¼ 0.001).Fig. 1. Estimation of femoral and tibial accelerations during gait
using the exoskeleton (femoral and tibial parts) and rigid bodies
(including accelerometer, gyroscope, and reﬂective markers) where
a!e represents the external acceleration, and a!i the internal
acceleration, for femur and tibia, respectively.Average and SD of walking speed were about 3.1
(0.7) km/h and 3.1 (0.9) km/h for OA and asymptomatic
group, respectively. 3D relative accelerations revealed sig-
niﬁcant differences between OA and asymptomatic groups
in ML and AP directions during gait (Table I). A signiﬁcant
higher acceleration of 68%, 81%, and 74% in max, min,
and range parameters was noted in ML direction for the
OA group. A signiﬁcant higher acceleration of 166%,
105%, and 132% in max, min, and range parameters was
noted in AP direction for the OA group. A moderate but
not signiﬁcant higher acceleration of 44%, 26%, and 29%
in max, min, and range parameters was noted in PD direc-
tion for the OA group.
As BMI was statistically different between OA and
asymptomatic groups, a one-way analysis of variance
(ANOVA) was done with subjects’ body weight as covariate.
When analyses were done including subjects’ weight as
covariate, only AP acceleration parameters were still statis-
tically different among groups (Table I).PRE-TREATMENT VS POST-TREATMENTMeans and SDs of clinical and gait accelerometric param-
eters obtained at both evaluations (i.e., pre- and post-treat-
ment) for the whole group of OA subjects (N¼ 24) are
presented in Table II. A signiﬁcant increase of 24% and
8% in both quadriceps (P< 0.001) and hamstring
(P¼ 0.006) strength was found after 12 weeks of treatment,
respectively. The ratio between quadriceps and hamstring
had also increased by 14% after the treatment
(P¼ 0.002). WOMAC of pain showed a signiﬁcant decrease
of 68% after the treatment (P< 0.001). For acceleration
parameters, a signiﬁcant reduction of 19% of the AP knee
acceleration peak (P¼ 0.02) had been detected after the
treatment. No difference for both distal and lateral knee
accelerations peak was presented after the treatment.
Using the two subsets of OA subjects (that is, KL 1e2
and KL 3e4), differences in treatment effects were noted
(Tables III and IV). In fact, while hamstring strength was sig-
niﬁcantly increased for the groups as a whole, using the two
subsets, differences were now only present in subjects with
moderate to severe OA (KL 3e4). Moreover, the ratio
between quadriceps and hamstring showed only signiﬁcant
increase in subjects with early to mild OA (KL 1e2) disease
severity. For the acceleration parameters, posterior acceler-
ation peak reduction was present only for subjects with
moderate to severe OA disease.
The ES parameter was used to present direct information
on the amount of change in clinical and accelerometric pa-
rameters (Table II). For the group as a whole, trivial change
was seen in lateral and distal acceleration peaks; small
changes in posterior acceleration peak and in hamstring
isometric strength; moderate changes in quadriceps
strength and for the ratio between quadriceps and ham-
string muscles, and ﬁnally; large change in WOMAC of
pain. Using the two subsets of OA subjects we can observe
that the amount of change after the treatment was more
important in subjects with more severe OA disease than
for subjects with early disease (Tables III and IV). In fact,
we observed in subjects with more severe OA an increase
of the effect (trivial to moderate) for both AP accelerations
and hamstring strength.
The SRM parameter was deﬁned as responsiveness-
treatment coefﬁcients. Considering all OA subjects, trivial
effect was seen in lateral acceleration peak; small effect
in distal acceleration peak; moderate effect for hamstring
strength, ratio between quadriceps and hamstring muscles,
Table I
Relative accelerations ( g) related to the loading phase period obtained in both asymptomatic (AS) and OA groups
Axes Max ( g) Min ( g) Range ( g)
AS OA AS OA AS OA
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
ML 0.31 0.18 0.52 0.26y 0.31 0.14 0.56 0.33y 0.62 0.29 1.08 0.56y
AP 0.35 0.25 0.93 0.49x,* 0.43 0.29 0.88 0.42z,* 0.78 0.52 1.81 0.88z,*
PD 0.17 0.08 0.25 0.13x 0.23 0.14 0.29 0.14 0.41 0.21 0.53 0.24
Signiﬁcant P value <0.05 (y), <0.01 (z), <0.001 (x). Parameter that is still signiﬁcant when the weight was included as covariate (*).
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quadriceps strength and WOMAC of pain (Table II). Using
the two subsets of OA subjects, differences in SRM were
also observed (Tables III and IV). We can observe that re-
sponsiveness-treatment coefﬁcients increase in subjects
with more severe OA for both hamstring strength and AP
accelerations whereas it increases for the ratio between
quadriceps and hamstring muscles as well as for the lateral
acceleration in subjects with less severe OA disease
(Tables III and IV).Discussion
The goal of this study was to evaluate the responsive-
ness of 3D knee relative accelerations of OA subjects
during gait following a rehabilitation treatment. Results
show that the estimation of knee acceleration parameters
is responsive to gait changes in knee OA subjects by the
reduction of accelerations, especially in AP direction.
Though knee acceleration values in OA subjects were still
higher after the treatment than the one obtained in the con-
trol group, differences between groups were reduced after
the treatment. The signiﬁcant AP acceleration reduction of
19% during the loading phase of gait suggests that the
rehabilitation treatment proposed in this study could have
beneﬁts on knee OA gait by decreasing AP instability.
The strengthening of quadriceps and hamstring muscles
might have contributed together to a better AP stabilization
of the knee through the initial contact and loading response
of gait. In fact, results clearly demonstrate that OA subjects
improved their quadriceps and hamstring muscle strength
after the treatment. It is also interesting to note that the anal-
ysis of the two OA subsets demonstrated that subjects withTable I
Mean measures and SD obtained at evaluation one and two, and index o
measures in OA pat
Measure scores Evaluation 1 Evaluation 2
Mean SD Mean
Isometric strength
Q (N/kg) 3.00 0.99 3.73
H (N/kg) 2.27 0.52 2.46
Q/H (N/kg) 1.32 0.33 1.50
WOMAC pain 196.00 93.60 63.70 6
Acceleration
ML (g) 0.56 0.33 0.57
AP (g) 0.88 0.42 0.74
PD (g) 0.25 0.13 0.27
*t Value of paired t-tests.
yP value of paired t-tests.early to mild evidence of knee OA (i.e., KL 1e2) had no
signiﬁcant reduction in posterior acceleration peak after
treatment compared to subjects with more severe disease
(i.e., KL 3e4). These results could be due to the lower
posterior acceleration obtained before the treatment for
subjects with early to mild OA (0.71 g) compared to subjects
with moderate to severe OA disease (1.05 g). Lower AP
acceleration reduction of the KL 1e2 group after the treat-
ment could reﬂect their lower AP knee instability during
gait (Fig. 2).
AP displacement of the tibia (AP laxity) in OA subjects
has been evaluated in few studies8,17. Wada et al. found
a signiﬁcant decrease in AP laxity with an increase in OA
severity17 whereas Sharma et al.8 found only a tendency
to reduce AP laxity in subjects with higher OA disease
severity. It is difﬁcult to compare AP laxity, i.e., and anterior
passive displacement with our AP instability, i.e., posterior
acceleration during weight acceptance phase. However, it
is possible to speculate here that the reduced AP laxity
found in earlier studies8,17 will correlate with our AP instabil-
ity parameters. Less posterior displacement could be inter-
preted as a breaking, i.e., high acceleration in the posterior
direction during weight acceptance. Further study should be
done to conﬁrm this hypothesis. Under dynamic conditions,
knee stability is provided by multiple factors including
among others joint geometry and active muscular control11.
Ramsey et al. showed that knee instability as measured
subjectively improved after high-tibial osteotomy whereas
quadriceps strength deﬁcits persisted10. The authors10
suggest that knee instability may play a role in whether
strong quadriceps muscles lead to an increase or decrease
in knee OA progression. When strong quadriceps that co-
contract with antagonists (resulting in high joint compres-
sion) are coupled with high shear forces and concomitantI
f internal responsiveness calculated for clinical and accelerometric
ients (N¼ 24)
Internal responsiveness
SD t-Test* P valuey ES SRM
1.08 7.48 <0.001 0.74 1.52
0.48 3.02 0.006 0.37 0.61
0.25 3.52 0.002 0.55 0.72
6.40 6.94 <0.001 1.41 1.42
0.30 0.18 0.86 0.03 0.05
0.38 2.46 0.02 0.33 0.52
0.15 1.18 0.25 0.15 0.22
Table III
Mean measures and SD obtained at evaluation one and two, and index of internal responsiveness calculated for clinical and accelerometric
measures in patients of KL 1e2 (N¼ 12)
Measure scores Evaluation 1 Evaluation 2 Internal responsiveness
Mean SD Mean SD t-Test* P valuey ES SRM
Isometric strength
Q (N/kg) 2.95 0.97 3.67 1.02 6.59 <0.001 0.74 1.89
H (N/kg) 2.36 0.58 2.52 0.55 1.4 0.19 0.28 0.42
Q/H (N/kg) 1.24 0.28 1.44 0.21 3.19 0.009 0.71 0.91
WOMAC pain 195.17 87.83 57.42 49.14 4.83 <0.001 1.57 2.24
Acceleration
ML (g) 0.56 0.29 0.60 0.24 1.39 0.19 0.14 0.40
AP (g) 0.71 0.32 0.68 0.36 0.57 0.58 0.09 0.18
PD (g) 0.22 0.14 0.24 0.14 0.77 0.46 0.14 0.25
*t Value of paired t-tests.
yP value of paired t-tests.
217Osteoarthritis and Cartilage Vol. 17, No. 2knee instability, the cumulative effect could be highly detri-
mental to articular cartilage. Our data shows an increase in
quadriceps muscle strength after the rehabilitation program,
and this may have contributed to the decrease of AP insta-
bility. Further studies are needed to establish the correlation
between dynamic muscular activities and AP accelerations
during a gait task.
Lateral acceleration peak was less sensitive to the reha-
bilitation treatment. In fact, only 4% of lateral peak reduction
was obtained after 12 weeks of treatment, showing trivial
effects in both ES and SRM. In Ref. 13, lateral tibial peak
accelerations were decreased by 23.7% with the used of
wedged insoles for subjects with medial knee OA. A recent
study also showed a signiﬁcant reduction of 18% in medial
laxity estimated with stress radiographs after an opening-
wedge high-tibial osteotomy for subjects with medial knee
OA10. In the present study, no alignment correction was
done. The knee functional varus angle of 3.8 (4.9) esti-
mated at baseline level during the calibration process was
maintained after the treatment 3.8 (4.8) and might explain
the unchanged ML knee instability after the treatment.
The knee pain, quantiﬁed with the WOMAC, also
improved after the rehabilitation treatment. Many studies
have recently demonstrated that the reduction of pain
symptoms in knee OA could lead to an increase of loads
on knee joint29e33. Literature reports that the presence of
knee pain in OA subjects leads them to adapt their gaitTable I
Mean measures and SD obtained at evaluation one and two, and index o
measures in patients of
Measure scores Evaluation 1 Evaluation
Mean SD Mean
Isometric strength
Q (N/kg) 3.06 1.06 3.79
H (N/kg) 2.18 0.45 2.41
Q/H (N/kg) 1.40 0.37 1.56
WOMAC pain 196.83 103.04 70.00
Acceleration
ML (g) 0.57 0.37 0.55
AP (g) 1.05 0.45 0.81
PD (g) 0.27 0.12 0.29
*t Value of paired t-tests.
yP value of paired t-tests.strategies for reducing symptoms34, which is called the
pain-protective reﬂex30. Hence, it is now believed that treat-
ments that only focus on pain reduction could be damaging
for the degenerative joint by a load increase on the affected
tissues30. The rehabilitation treatment proposed in this
study was speciﬁcally based on an exercise program. The
results obtained show no signiﬁcant change in PD relative
acceleration which represents the loading transmission
between tibial and femoral segments. The signiﬁcant
improvement of muscle strength may have contributed to
the prevention of joint overload. In fact, compared to earlier
studies, which only managed pain symptoms29e33, this
study added muscle strengthening and proprioceptive exer-
cises. Strengthening and proprioceptive exercises may
have contributed to the improvement in knee joint function.
In fact, small changes in distal acceleration peak after the
treatment suggest that muscle strengthening, combined
with pain reduction, could prevent the increase in joint load-
ing associated with the only control of pain symptoms in
previous studies29e33. The results found in this study sug-
gest that the maintaining of loading transmission, induced
by pain relief, could be limited or prevented by muscle
strengthening. However, in literature joint load in generally
estimated by an increase in knee adduction joint moment.
Ramsey et al.10 found an improvement in stability and
a reduction of adduction moment after high-osteotomy.
We can only speculate here that an improvement in kneeV
f internal responsiveness calculated for clinical and accelerometric
KL 3e4 (N¼ 12)
2 Internal responsiveness
SD t-Test* P valuey ES SRM
1.17 4.42 0.001 0.69 1.28
0.41 3.41 0.006 0.51 1.00
0.29 1.91 0.08 0.43 0.57
81.89 4.79 <0.001 1.23 1.11
0.36 0.28 0.78 0.05 0.07
0.41 2.69 0.002 0.53 0.77
0.15 0.87 0.4 0.17 0.20
Fig. 2. Posterior accelerations obtained for the control group and for
OA subjects before and after the rehabilitation treatment. OA
subjects are separated in two subsets (i.e., KL 1e2 and KL 3e4).
218 K. Turcot et al.: Acceleration responsiveness in knee OA follow-upstability and the stabilization of PD acceleration for our
group of subjects means a reduction in knee adduction joint
moment. Further study is needed to establish the relation-
ship between PD accelerometric parameters and knee
adduction moment following a rehabilitation treatment.
The present study also shows that the rehabilitation pro-
gram had larger beneﬁts on pain reduction in subjects with
early to mild OA (SRM¼ 2.24), compared to subjects with
moderate to severe OA (SRM¼ 1.11), despite its large
effects (0.8). This might explain the largest ampliﬁcation
in distal peak acceleration after treatment in subjects with
early to mild OA.
In this study, the authors pay attention to keep the same
walking velocity before and after the treatment. Hence, dif-
ferences obtained between baseline measurement and 12
weeks of treatment could not be attributed to walking speed.
However, some subjects have found their initial speed too
slow at the post-treatment evaluation. This might have
altered their walking pattern mechanisms.
One limitation of this research is the small number of OA
subjects in the two subsets. In this regard, we calculate the
statistical power for all signiﬁcant accelerometric parame-
ters detected in this study and found an average power of
92% using an alpha error level of 5%, showing that the
number of participants was enough to detect a difference
when one exists.
Conclusion
The 3D accelerometric-based approach proposed in this
study is responsive to changes in knee OA gait patterns af-
ter a rehabilitation treatment. Knee acceleration parameters
were interpreted here as knee instability and loading trans-
mission. In clinical application, these parameters will bring
new insights on knee function in OA subjects’ evaluation
and follow-up.
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